The gate theory of pain, published by Ronald Melzack and Patrick Wall in Science in 1965, was formulated to provide a mechanism for coding the nociceptive component of cutaneous sensory input. The theory dealt explicitly with the apparent conflict in the 1960s between the paucity of sensory neurons that responded selectively to intense stimuli and the well-established finding that stimulation of the small fibers in peripheral nerves is required for the stimulus to be described as painful. It incorporated recently discovered mechanisms of presynaptic control of synaptic transmission from large and small sensory afferents, which was suggested to ''gate'' incoming information depending on the balance between these inputs. Other important features included the convergence of small and large sensory inputs on spinal neurons that transmitted the sensory information to the forebrain as well as the ability of descending control pathways to affect the biasing established by the gate. The clarity of the model and its description gave this article immediate visibility, with numerous attempts made to test its various predictions. Although subsequent experiments and clinical findings have made clear that the model is not correct in detail, the general ideas put forth in the article and the experiments they prompted in both animals and patients have transformed our understanding of pain mechanisms.
Introduction
It is approaching the 50th year since the landmark article advancing the gate theory of pain was published [45] . Although this article is only one of many influential articles in the pain field, it holds a special place because of its clear theoretical position on how pain is coded and its elaboration of a specific model to achieve this based on then available electrophysiological evidence. Given its prominence, it is valuable to review the findings that led up to its publication. Because Melzack and Wall provided such a clear statement about pain mechanisms, many of the subsequent developments in the field were evaluated with reference to the gate theory, and so a discussion of this article can provide a window into the history of the field at that time and subsequently. The article made certain predictions that have been influential in the pain field and beyond. Other conclusions made using available experimental data turned out to be incorrect. A full evaluation of the gate theory requires discussion of both its successes and its failures; in so doing, a more complete perspective is provided as to its role in the development of modern pain theory.
Early work based largely on lesions and electrical stimulation of peripheral nerves had provided an outline of what could be called a pain pathway projecting from the periphery to the cortex by way of the spinal cord, brain stem, and thalamus. Despite this basic information, it was not possible to permanently abolish pain in patients surgically or pharmacologically. Beginning with a series of articles by Ronald Melzack, joined later by Patrick Wall, a new conceptual framework for pain was advanced. This framework drew on provocative behavioral observations with important implications for pain mechanisms. Later work made use of new experimental evidence illuminating processing of sensory input in the spinal cord. This led to a simple, elegant mechanism for pain coding that stimulated new modalities of treatment for certain painful conditions. This mechanism, called the gate, provoked a number of important experiments which advanced the study of pain without necessarily confirming the gate mechanism.
Early studies
Modern studies leading to the gate theory hypothesis began with the work of Ronald Melzack, a student of D.O. Hebb at McGill. He noted that dogs maintained in a restricted sensory environment would bump their head on exposed pipes when allowed to run freely and would not avoid these obstacles subsequently. This observation prompted a formal study of the effect of experience on the reaction to stimuli normally causing pain in dogs beginning at 4 weeks of age. The deficit was not in the ability to react immediately to the intense stimuli but rather in the subsequent avoidance behavior. The important conclusion was stated as
